An Interface Circuit for Ion-selective Electrode Sensors  by Wang, Xin et al.
Procedia Engineering 15 (2011) 2609 – 2613
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.08.490
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
Procedia Engineering 00 (2011) 000–000 
Procedia
Engineering
www.elsevier.com/locate/procedia
Advanced in Control Engineeringand Information Science  
An Interface Circuit for Ion-selective Electrode Sensors 
Xin Wang*, Jin Jiang, Huizhong Yang 
Key Laboratory of Advanced Process Control for Light Industry (Ministry of Education), Jiangnan University, Wuxi 214122, China 
Abstract 
This design uses the ion-selective electrode method to measure the pH, or the ion concentration of a certain solution. 
The small DC electrical potential signal which is generated by ion selective electrode and reference electrode is put 
into an amplifier of high input impedance and linear. The MSP430F1611 MCU which is taken as the master control 
system converts the amplified signal by the 16-bit AD converter. Then the LCD screen shows the electrical potential 
difference between the two electrodes. A PC display program is written through the LabVIEW to get the curve of the 
electrical potential difference between the two electrodes at different sampling time. To analyze and process the 
electrical potential difference between the electrode systems of different solution, and then the pH, or a certain ion 
concentration of the solution is get. Besides, before the electrical potential signal passing the amplifier, the design adds 
a dual 8-channel analog switch which can enable the switch between the 8 groups of electrodes and ensure the 
simultaneous measurement of multiple electrodes. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction
The monitoring is need in many applications related to the environment in a large scale. For instance,
we need to comprehend the environmental situation and then tackle some particular toxins. Monitoring is 
needed to guarantee that the environmental situation which is got is real-time in biological treatment of 
the dangerous waste field.  Some organic and inorganic pollutants are generated when many natural and 
man-made water sources are applied in the industry and the agriculture. Therefore, we need to monitor 
deposits of river or lake, waste water, reactors of water and water distribution systems. Some inorganic 
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compounds such as phosphate, nitrate, sulfate and chloride not only influence on water quality, but also 
possibly bring severe threats to the health of residents [1]. 
Using ion-selective electrode to determine the solute concentration is simple and fast, and easy to 
realize online analysis and automatic control. It is widely used in chemistry analysis, monitoring of 
environmental pollution, measurement of biological and drug, evaluation of industrial and agricultural 
products, control of industrial process, and physical and chemical research. The ion-selective electrode 
method has many characteristics such as good selectivity, high sensitivity, fast response, wide 
measurement range and so on. These characteristics are especially prominent in the determination of alkali 
metals and nitrate ions. The method is not affected by the color or turbidity of the test solution and 
particularly adaptive to the continuous automatic monitoring and on-site analysis of water quality [2]. 
2. Basic theory 
2.1. Ion-selective electrode method 
Ion-selective electrode method can be used to measure the pH and ion concentration of the solution. As 
a branch of potential analysis, ion-selective electrode method is generally used in direct potential 
determination method and potential titration.  
The measuring principle of the ion-selective electrode method is shown in Fig 1.The ion-selective 
electrode contains sensing film composed of special electronic active materials, which has high selectivity 
to a certain ion in solution, thus produces a certain electromotive force. You can calculate the ion 
concentration of a certain measured ion in solution by the electromotive force which is generated between 
ion selective electrode and reference electrode [3]. 
Fig. 1. ion-selective electrode method 
The measured electromotive force between ion selective electrode and reference electrode can be 
expressed as: 
                                                            JRM EEEE ++=                                                                       (1)
Where ME  is the outer membrane potential of the ion-selective electrode, RE is the potential of the 
reference electrode and JE is the liquid junction potential. 
While in stable and unchanging external environment, ME is a variable related to the concentration of 
a certain measured ion in solution, and the rest are fixed amount. 
2.2. Ultra high input impedance 
The measurement system consisting of ion-selective electrode, reference electrode and test solution 
can be equivalent to a chemical battery. It has the electromotive force ε  and internal resistance r, but the 
maximum power which it can output is very weak. Our goal is surveying its electromotive force. Because 
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of the existence of internal resistance r, the electromotive force ε  can’t land in external measuring circuit 
completely, namely the voltage (road-side voltage of the battery) which is measured by using various 
types of voltmeter can‘t fully express the size of the ε . The internal resistance r is consisted with the 
internal resistance of ion-selective electrode, the internal resistance of reference electrode 
(generally Ω< 410 ) and the internal resistance of the test solution (generally Ω≤ 810 ). Among them, the 
internal of resistance ion-selective electrode is the main body. The resistance of the electrode is not a 
constant, but a function of temperature and polarization. In terms of the same class of electrode, the 
resistance of each branch electrode is also not accurately same, because it is relative with the thickness of 
membrane, the size of membrane, the group ratio of material and so on. However, the magnitudes of their 
resistance are generally same. In order to ensure the accuracy of measuring ε , the resistance R of the 
external measuring circuit of the battery should be more three magnitudes than internal resistance r of the 
electrode . When the external circuit is a voltmeter, the resistance of the external measurement circuit is 
the input impedance of the voltmeter.  
As mentioned above, the power consumption of the entire circuit will be very small when the input 
impedance of the external measurement circuit is large enough. Therefore, the primary battery consisting 
of ion-selective electrode, reference electrode and analyte solution can be more stable that ensures the 
accuracy and stability of the measurement. For example, when the electrode signal is 800 mV and the 
input impedance of the external measurement circuit is Ω1110 , the current resulting in the entire circuit is 
12108 −×  (A). 
Such a small current will not damage the balance of electrode. The electrode polarization effect will be 
negligible when the circuit current is small enough, and the external measurement circuit can accurately 
get the electromotive force of the battery in balance [4]. To make the external measurement circuit with 
high input impedance, the design uses an ultra low input bias current instrumentation amplifier INA116 
whose input impedance is Ω1510 .
3. Hardware design 
3.1. The basic idea of hardware design 
The hardware block diagram of the system is shown in Fig 2. A group of electrode system is selected 
to work by a dual 8-channel high-performance CMOS analog multiplexer switch DG407. To put the 
small DC electrical potential signal which is generated by the selected group of electrode system into an 
linear amplifier INA116 of high input impedance. Then convert the amplified signal to a serial digital 
signal by a 16-bit high precision ADC chip AD7705. The YM12864R LCD screen shows the electrical 
potential difference between the two electrodes. The system designs the RS-232 serial communication 
interface to communicate with the computer which the collected digital signals are put into. A PC display 
program is written through the LabVIEW to get the curve of the electrical potential difference between 
the two electrodes at different sampling time for real-time online monitoring. In addition，a keyboard 
module of 4 x 4 is designed. It is used to control the analog switch DG407 for realizing the switch 
between 8 groups of electrodes and guaranteeing the simultaneous measurement of multiple electrodes [5]. 
Fig. 2. hardware block diagram 
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The hardware design includes the minimum MCU system design, the power module design, the front-
end data acquisition module design, the AD conversion module design, the keyboard interface design, the 
LCD display interface design and the RS-232 serial port design [6]. This chapter mainly introduces the 
front-end data acquisition module. 
3.2. The front-end data acquisition module 
The front-end data acquisition module consists of 8 groups of electrode systems, analog switch DG407 
and the ultra high input impedance amplifier INA116. Each electrode system consists of an Ion-selective 
electrode and a reference electrode. Certainly, both of them should be put in the analyte solution. 
Accurately, 8 ion-selective electrodes must be connected to 8 pins named S1a to S8a of DG407 
respectively, also the other 8 reference electrodes will be connected to 8 pins named S1b to S8b of 
DG407 correspondingly. Between the electrodes and the input pins of the analog switch, in order to 
reduce interference, here we adopt an anti-interference design way [7] so that it can effectively prevent 
electromagnetic interference, power-line interference and filter out the jamming signal which is mixed up 
with the electrode signal 
The DG407 works in ±12 V supplies. The electrical potential signals of the ion-selective electrode and 
reference electrode are output via the pin Da and the pin Db respectively when they have passed the 
DG407. The electrical potential signal which is collected between the two electrodes is very low should 
be amplified by an amplifier. 
 INA116 also works in ±12 V supplies. Gain of the INA116 is set by connecting a single external 
resistor between the first pin and the sixteenth pin. The gain of the amplifier can be expressed as: 
                                                               GRkG /501 Ω+=                                                                  (2) 
In the design, the external resistor is 10k Ω , so the gain of the amplifier is 
65110/501 =+=ΩΩ+= kkG .
Then to connect the V0 pin which is the output port of the INA116 to the analog signal input port of 
theAD7705 for A/D conversion. 
4. Software design 
The software design includes the designs of channel selection program of DG407, the A/D conversion 
program, the USART0 serial communication program, the LCD program and the PC display program. 
This chapter mainly introduces the basic process of the software design which is shown as Fig 3.  
First, the system is initialized when it is powered, getting key value by scanning the keyboard, waiting 
for the PC program sending the value "#01" that is set as the beginning flag of data acquisition. Then the 
system determines the value of the keyboard scanning. If the key flag is any value from 1 to 8, the single 
conversion mode of the channel which has the same value of the key flag is selected to make the A/D 
conversion. The result is put into the storage register of the selected channel which corresponding to the 
first channel to the eighth channel. The 8-channel mode conversion is selected while the key flag is 9. 
And the program selects each channel from the first channel to the last channel and makes the A/D 
conversion at the same time, then puts the result into the register of each channel. Lastly, the system uses 
the serial communication module USART0 of the MSP430F1611 MCU to set the serial communication 
and communicates with the computer through the RS-232 serial communication protocol. The PC 
program displays the change curve of the potential difference between electrodes at different sampling 
time. Setting the sampling time to one second, the PC program sends the flag "#01" to the system every 
second to make the system be continuous to data acquisition and display. 
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Fig. 3. software design
5. Conclusions 
Up to the measurement of the pH or a certain ion concentration of the solution based on the ion-
selective electrode method, a multi-channel measurement system is designed. The pH or the ion 
concentration of a certain measured ion in solution can be calculated by the electromotive force which is 
generated between ion selective electrode and reference electrode. The system uses the ultra high input 
impedance design to ensure the accuracy and stability of the measurement. LCD screen and PC display 
interface are designed to make sure that the man-machine interface is clear and can be operated easily. 
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